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© Chromium-based fluorination catalyst, process for producing the catalyst, and fluorination process 
using the catalyst 

© A halogenated hydrocarbon having 1 to 4 carbon atoms is brought into contact with hydrogen fluoride in a 
^ gaseous phase in the presence of a catalyst prepared by firing a substance composed mainly of chromium(lll) 
^ hydroxide in the presence of hydrogen at a temperature of 350 to 500 'Cora catalyst prepared by heat-treating 
£Q the above substance in an inert gas stream at a temperature of 100 to 600 *C and then firing the heat-treated 
0) compound in the presence of hydrogen at the above temperature or any one of catalysts prepared by partially 
ID fluorinating the above catalysts. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
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75 2. Description of the Related Art 



in patents, various metals such as Cu, Aq Na Cd Ca 7n Hn v qk "m~ c k,- ^ 
Japanese Examined Patent Publication (Kokoku) No 3Q-irmn ^ ^ ^ 

comprising water vapor and an inert gas at 300 to 400 • C. «"Pnaoon process, in an atmosphere 

In recent years, Japanese Unexamined Patent Publication (Kokaii No <s-i4fifiRn rt^ ^ „, . 

lu^a, • <*ran»um o»d« having a wife surtaM area of not less man ,70 S 
Japanese Examined Patent Publication (Kokai) No. 1-262946). accelerated (see 
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Since the rate of deterioration in catalytic activity increases with increasing the reaction temperature, a 
reaction at a low temperature using a catalyst having a high activity contributes to thermal energy saving 
and, at the same time, significantly benefits the catalyst life. For this reason, in order to produce HCFC and 
HFC with a high efficiency, there are demands for catalysts superior to the conventional fluorination catalyst 
5 in catalytic activity and life. 

An object of the present invention is to provide a process for producing a chromium-based fluorination 
catalyst useful for the production of HCFC and HFC and a process for producing a halogenated 
hydrocarbon having in its molecule a hydrogen atom(s) and a fluorine atom(s) with a high efficiency by 
fluorinating a halogenated hydrocarbon having 1 to 4 carbon atoms in a gaseous phase using said catalyst. 

io 

DISCLOSURE OF THE INVENTION 

The present inventors have made extensive and intensive studies with a view to solving the above- 
described problems and, as a result, have clarified that as with the regeneration of the catalyst, heat 
75 treatment conditions at the time of preparation of the catalyst has a large influence on the catalyst 
performance and found that a chromium-based fluorination catalyst produced, by firing or heating a 
substance composed mainly of chromium (I II) hydroxide in the presence of hydrogen at a temperature of 
350 to 500 " C to prepare a precursor of a catalyst and partially fluorinating the precursor of the catalyst in a 
stream of a gas containing hydrogen fluoride, for example, is superior to the conventional fluorination 
20 catalyst in selectivity as well as in activity, which has led to the completion of the present invention. 

The present invention relates to a process for producing a chromium-based fluorination catalyst, 
characterized by comprising the step of firing (i.e., heating) a substance composed mainly of a chromium- 
(III) hydroxide in the presence of hydrogen at a temperature of 350 to 500 • C. 

The present invention also relates to a process for producing a chromium-based fluorination catalyst, 
25 characterized by comprising the steps of heat-treating a substance composed mainly of chromium(lll) 
hydroxide in an inert gas stream at a temperature of 100 to 600 'C and then firing the heat-treated 
substance in the presence of hydrogen at a temperature of 350 to 500 * C. 

The present invention further relates to a process for producing a chromium-based fluorination catalyst 
as above, characterized in that said substance is partially fluorinated after the firing in the presence of 
30 hydrogen. 

The present invention further relates to a process for producing a chromium-based fluorination catalyst 
as above, characterized in that after the firing in the presence of hydrogen, said substance is partially 
fluorinated in a gas stream containing hydrogen fluoride at a temperature of 300 to 500 ■ C. 

The present invention further relates to a process for producing a chromium-based fluorination catalyst 
35 as above, characterized in that the substance composed mainly of chromium(lll) hydroxide contains at least 
one element selected from the group consisting of cobalt, nickel, copper, silver, zinc, cadmium, mercury, 
aluminum, gallium, tin and lead. 

The thus obtained catalyst or catalyst precursor can be defined by that the X ray diffraction exhibits 
diffraction peaks characteristic or similar to that of crystalline Cr 2 0 3 , said diffraction peaks having a half 
40 maximum peak width 1.2 times or more the half maximum peak with of a material obtained by firing a 
substance mainly composed a chromium (HI) hydroxide in a presence of oxygen at 400°C for 2 hours or 
more. 

Specifically, one of the thus obtained catalysts on catalyst precursors can be defined by that the X-ray 
diffraction exhibits diffraction peaks characteristic to crystalline Cr2 03, said diffraction peaks inducing a 
45 peak appearing at a spacing of lattice planes in a range of 2.65 to 2.69, said peak having a half maximum 
peak width of 0.8 degree or more. 

The present invention also relates to a process for fluorinating a halogenated hydrocarbon, character- 
ized by comprising the step of bringing a halogenated hydrocarbon having 1 to 4 carbon atoms into contact 
with hydrogen fluoride in a gaseous phase in the presence of a fluorination catalyst as above. 
50 The present invention further relates to a process for fluorinating a halogenated hydrocarbon as above, 
characterized in that said halogenated hydrocarbon is a hydrogen-containing halogenated hydrocarbon. 

BRIEF DESCRIPTION OF DRAWINGS 

55 Fig. 1 is an XRD pattern of the catalyst precursor prepared in Catalyst Preparation Example 1. 

Fig. 2 is an XRD pattern of the catalyst precursor prepared in Comparative Catalyst Preparation 
Example 1. 

Fig. 3 is an XRD pattern of the catalyst precursor prepared in Catalyst Preparation Example 3. 
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Example 2. " " ^ * *" Pfepared in Com P arativ e Catalyst Preparation 

DETAILED DESCRIPTION OF THE INVENTION 

h JT *! Pr6S ? t t T^" ,he chromium ( l11 ) Mroxide is a compound which is represented, for example 
l^L T Cr2 ° 3 ' nH2 ° and can be P r «Pared from a Cr(..l) salt by the precipitation orotoer 

r a n A h T°n 9 the ^' k nitrate iS pa,1icularly P referred - The chromium hydroxide by the precipitation process 
can be prepared by mixing an aqueous Cr(lll) salt solution with an aqueous alkali solution to foT a 
preciprtate which is then collected by filtration, washed and dried 

extr^d^n C H a ' ySt f d6Sirab,y in the form ° f 3 m ° ,din9 ' the ™y be P^^ed after drying or 

extruded before drying to prepare a molding. y y 

»s The drying temperature is preferably in the range of from 80 to 130 • C, particularly preferably in the 
range of from 90 to 120'C. In this case, the n value is in the range of from 2.5 to 3.5. W en d^l is 
earned out in an inert gas atmosphere, the drying temperature may be higher. However when pellS s 
earned out, the drying temperature is preferably 1 50 • C or below Poetizing is 

amm T nnl a, ?H may h b ! ™l ° ne S ° f3r 33 if is pr0duced on a commercial scale. Preferred alkalis include 
ammoma sodium hydrox.de. sodium carbonate, sodium hydrogencarbonate. potassium hydroxide potes- 
Znnt 0 " e ' hydro ^ ca * 0 ^ ^monium carbonate and ammonium hydCncar'^ Se 

salt solution with the aqueous alkali solution is to simultaneously or alternately add these aqueous solutions 
dropwise so as to keep the pH of the reaction mixture within 6 9 to 9 

25 m J!?!* 6 "?T 7 f COmP ° Sed main ' y ° f the chromi ^(HI) hydroxide is fired in the presence of H 2 it 
may be previously heat-treated at a temperature of 600-C or below if in an inert gas. Such a heat treatment 

ZZZ 3 eh , yd :f° n reaCti0 " ° f 3 decom P° si «°" action of the residual salt, so J,at Z fSZZZ 
hyd ox.de is expected to approach a compound represented by the compositional formula Cr 2 0 3 

a, ah J". an atm0Sphere co „ ntainin9 ° 2 ' the heat treatment carried out at a temperature of 300 • C or 

22? (the n expreSS,0n " atm °sphere containing O," used herein being intended to mean an atmosphere 

beclrr 2 a " ^ ' 9SS ^ 1000 Pa termS 0f abso,u ^ P ressure and typically ^ 

because the exposure of chromium hydroxide to a high temperature of 350- C or more in an atmosphere 

tTrjiL^:? the ch r ium hydroxide to be converted to cr2 ° 3 ha -9 a - a » speiritce 

area and the small specific surface area, once reduced, cannot be easily recovered 
♦ ho f a ^ r 9h t speC ' f,C Surfa ? area is a dement for a catalyst having a high activity, and the fluorination in 
orl to ? P C3USeS a i( ,Ur1her l0Werin9 the Spedfic surface area ' and therefore the use of the To e 
o S ,ol V"? SP8CifiC SUrfaCe ^ iS disadv antageous. ft is desired that the catalyst pre™ 
pnor to the fluonnation has a specific surface area of 150 m*/g or more, more preferably 180 m*/g or more 

Z<2 nnT"' h IS Pre K rred t0 USe 3 Chr ° mium hydroxide which ^ not been exposed ?o an d 

STXSfizzxsr exposed to an ° 2 - containin9 atmosphere at a — 6 ° f 200 " C - 

mnt S in t tne case of a precursor - which been once fired in H 2 . firing of the precursor in an 0 2 - 
contan.ng atmosphere gives rise to problems such as a lowering in spedfic surface area and Carnal 
formation of CrO/l) which is scattered during fluorination. For this reason the firing fiT an 0,-contaS 
TSZZSSSr SUCh 33 iS d6SCribed ^ Pat8nt Pl *lication ^o^ku) No! 

suZlIZ'™ 1 firin9 / methods include © a method which comprises raising the temperature of a dried 
substance composed mainly of a chromium hydroxide to a temperature of 350 to 500'C in a gas stream 

aTelL y hT and> 31 that , ,empera,Ure - firi " 9 the M ™ *» a predetermined period of Z and ® 
hvdliJTl a C r PnSeS firSl heaWreati "9 a dried ^fstance composed mainly of chromium(in7 
sub^t ' , 93S * 8a,n at 3 tem P erature ° f in ° to 600-C and then firing the heat-treated 

periSoHime °" C ° ntainin9 31 3 temperatUre ° f 350 to 500 ' C fo? a P^eteS 

at lelsM^! f" 71 ^^ r'" 1 ' ° f Chr ° miUm hydr ° Xide may COntain a meta ' °*er than Cr. particularly 
lf5 °?1 ^ f d fr0m the 9r ° UP COnSistin9 0f tne elements the groups 8. 9. 10 11 12 3 
and 14 of the Long Penodic Table (new IUPAC rules of nomenclature), which elements are exported to 

alto ^reZZT; ^™"*' be h *• form of meta l hydroxidStd/S 

salts. Therefore, the substance composed mainly of chromium hydroxide may be a mixed hydroxide o 
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chromium and other metal(s), a mixture of chromium and other metal hydroxides, or a mixture of chromium 
hydroxide and other metal hydroxides(s) and/or salt(s). Among others, Co, Ni, Cu, Ag, Zn, Cd, Hg, Al, Ga, 
Sn, Pb and the like are expected to have the effect of accelerating the activity and prolonging the catalyst 
life when they are contained in an amount in the range of from 0.001 to 0.5, preferably in the range of from 

5 0.003 to 0.3, particularly preferably in the range of from 0.003 to 0.2, in terms of the atomic ratio to Cr. 

The addition of the above element can be easily achieved by a method in which a salt of the intended 
element is added to an aqueous Cr salt solution in a predetermined amount during preparing a chromium 
hydroxide by the precipitation process, by a method in which a chromium hydroxide is impregnated with an 
aqueous solution of a salt of the intended element, or by other methods. 

w The substance as described above is fired in the presence of H 2 to prepare a precursor of a catalyst. 
As described in Japanese Examined Patent Publication (Kokoku) No. 42-3004 and Japanese Unexamined 
Patent Publication (Kokai) No. 5-146680, a stream of an inert gas, such as N 2 , has hitherto been considered 
suitable to an atmosphere for firing in a process for producing a fluorination catalyst. 

Nevertheless, according to the present invention, firing in the presence of H 2 can provide a catalyst 

75 having a higher activity. 

When the firing temperature is excessively low, no effect can be attained, while when it is excessively 
high, there occur problems such as a lowering in specific surface area. For this reason, the firing 
temperature is suitably in the range of from 350 to 500 e C, preferably in the range of from 370 to 460 °C, 
particularly preferably in the range of from 370 to 450 • C. 

20 The concentration of H 2 in the firing gas may be in the range of from 0.1 to 100% by volume. If 
necessary, it is also possible for not more than 20% by volume of water to coexist in the gas, and 0.3 to 
10% by volume of water vapor may coexist in H 2 . The presence of in the gas causes a safety problem, 
so that the 0 2 concentration should be limited to not more than 0.1% by volume. The gas flow rate is 
suitably in the range of from 10 to 10000 h~ 1 in terms of GHSV (after conversion to a standard condition 

25 basis), and the pressure may range from atmospheric pressure to 10 kg/m 2 G from the viewpoint of 
operation convenience. The firing is carried out under the above conditions for at least 30 min, preferably 1 
to 10 hr, thereby preparing a precursor of a catalyst. 

The precursor, as such, may be used in the reaction. However, it is preferred that the precursor be 
subjected to a fluorination treatment prior to use in the reaction. The fluorination may be conveniently 

30 carried out in a gaseous phase. In this case, the precursor may be treated in the presence of a gas having 
a capability of fluorinating the precursor, such as HF, F 2 or a hydrocarbon having F in its molecule. 

Proper treating conditions, such as temperature, pressure and treatment time, for attaining an intended 
fluorine content should be selected depending upon the fluorination capability of the gas used. 

The fluorination is preferably carried out in a gas stream containing HF. The treatment temperature is 

35 preferably in the range of from 300 to 500 °C, particularly preferably in the range of from 300 to 450 °C. 
The HF concentration may be in the range of from 1 to 100% by volume. Generation of excessive heat 
during the treatment has an adverse effect such as a remarkable lowering in specific surface area. In order 
to prevent this unfavorable phenomena, it is preferred to dilute, if necessary, HF with an inert gas, such as 
N 2 , so that the maximum temperature increase (hereinafter referred to as "AT") derived from generation of 

40 heat is not more than 50 * C. 

The gas flow rate is suitably in the range of from 10 to 10000 h~ 1 in terms of GHSV. The pressure may 
range from atmospheric pressure to 20 kg/cm 2 G. It is preferred for the used HF to have as low a water 
content as possible. The water content in HF used is preferably not higher than 150 ppm by weight, still 
preferably not higher than 100 ppm by weight. 

45 One example of a still preferred method of fluorinating a precursor of a catalyst will now be described. 
HF and N 2 are supplied in such a manner that the HF concentration is in the range of from 5 to 30% by 
volume at 300 to 350 a C under atmospheric pressure and fluorination is initiated. After the hot spot is 
passed through the packed bed of the precursor, the HF concentration is increased gradually to 90% by 
volume or higher with caution so as not to cause generation of excessive heat. Subsequently, the pressure 

so is increased, and the treatment is carried out under a pressure of 2 to 10 kg/cm 2 G until the heat is not 
generated any more. 

The heat treatment in an inert gas, the firing in the presence of H 2 and the fluorination treatment may 
be carried in an identical reaction vessel so far as the reaction vessel is made of Inconel or Hastelloy. This 
is convenient for the operation. 
55 The HF treatment causes the precursor of a catalyst to be partially fluorinated to form a compound or 
substance with F atom being included therein. The catalyst should contain O besides F. The content of O is 
preferably in the range of from 3 to 28% by weight and the content of F preferably be in the range of from 
3 to 45% by weight, respectively. 

5 
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« * *. - etate „ meJnWnM and 212 uc^*™ 

' 390°«?»i^l*~ i '" '"*""*' " M *»<«ry«M". occurs In a ran™ of 
I suggesting that the presence of Hj accelerates the crystallization 

't™. S "^ ace area of the c^y* precursor is significantly reduced to 50 m^/g or lower In contrast 
an extraordmanly rapid temperature elevation rate 9 ed at 

precursor can be shown ,n a powder X-ray diffraction chart (hereinafter after referred to as "XRC ^257 

J^^o^^^^T , I io, is ch : omium ° xide the xrd ^ •** ^ * , 

c ystalhne Cr 2 0 3 and the half max.mum peak widths thereof are wider than those of a single crystal Cr,0 
For a catalyst (catalyst precursor) exhibiting the diffraction pattern of crvstallinp rv n w - 
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The "hydrogen-containing halogenated hydrocarbon" referred to in the present invention is a haloge- 
nated hydrocarbon having H in its molecule, and examples thereof include CHCfe, CH2CI2, CH 2 FCI, CH 3 CI, 
C2HCI3, C2H2CI2, C2H3C), C 2 HCIs, C 2 HFCU, C2HF2CI3, C2HF3CI2, C 2 HF*CI, C2H2CU, C2H2FCI3 , 
C2H2F2CI2, C2H2F3CI, C2H3CI3, C2H3FCI2, C2H3F2CI, C 2 HaCI 2 , C2H 4 FCI, C 2 H 5 CI, C3H2F4CI2 and 
5 C3HF4CI3. Further, CI in the above compounds may be entirely or partially substituted with Br and/or I. 

The fluorination of a hydrogen-containing halogenated hydrocarbon typically includes two types or 
steps of fluorination when the hydrogen-containing halogenated hydrocarbon has an unsaturated bond. For 
example, a fluorination of CCfe = CHCI proceeds as below: 

70 (1) CCI 2 =CHCI + 3HF- CF3CH2CI + 2HCI 

(2) CF3CH2CI + HF- CF 3 CH 2 F + HCI 

In the first step, addition reaction of HF to an unsaturated bond and substitution of fluorine for chlorine 
75 occurs and in the second step only substitution reaction occurs. 

The last chlorine atom is particularly difficult to be substituted by fluorine. In the above example, the 
first fluorination reaction from CCl2=CHCI (HCC-1120) to CF3CH2CI (HCFC-133a) easily occurs but the 
second or last fluorination reaction from HCFC-133a to CF3CH2F (HFC-134a) is difficult. 

The chromium-based fluorination catalyst of the present invention is effective in both fluorination 
20 reactions as above, but particularly useful in the second type of fluorination since the second type of 
fluorination is difficult with a conventional catalyst. 

When these hydrogen-containing halogenated hydrocarbons are fluorinated with HF, the catalyst 
according to the present invention can provide intended compounds in a higher yield than the conventional 
fluorination catalyst. Further, it has the effect of providing a predetermined yield at a low reaction 
25 temperature, which contribute to prolongation in catalyst life. 

The catalyst according to the present invention is effective particularly in the fluorination of CH 2 CI 2 , 
CH 2 FCI, CHCI = CCI 2 (trichloroethylene), CF3CH2CI (HCFC-133a), CCI 2 =CCl2 (perch loroethylene), 
CF3CHCI2 (HCFC-123) and CF3CHFCI (HCFC-124), which fluorination is considered to be a synthetic route 
in the production of CH 2 F 2 (HFC-32), CH 2 FCF 3 (HFC-134a) and CHF 2 CF 3 (HFC-125) which have recently 
30 drawn attractive attention as alternative flons having no risk of the ozonosphere being degraded. 

The fluorination reaction may be carried out by fixed bed, fluidized bed, moving bed and other reaction 
methods. However, the fixed bed reaction method is generally adopted. Proper reaction conditions vary 
depending upon the reaction. In general, however, the fluorination reaction may be carried out under 
conditions of a molar ratio of HF to halogenated hydrocarbon in the range of 0.5 to 20, a temperature in the 
35 range from 200 to 400 °C, a pressure in the range from atmospheric pressure to 20 kg/cm 2 G (gauge 
pressure) and a S.V. value in the range from 50 to 100000 h~ 1 . 

EXAMPLES 

40 The present invention will now be described in more detail with reference to the following examples and 
comparative examples, though it is, of course, not limited to these examples only. 

In the following examples and comparative examples, the composition of the catalyst is expressed in % 
by weight of each element contained in the catalyst determined by a chemical analysis. In the reaction 
examples, the molar ratio in the reaction examples is the molar ratio of HF to halogenated hydrocarbon, 

45 S.V. is a value converted to a standard condition, and the pressure is a gauge pressure. 

(Catalyst Preparation Example 1) 

A solution of 480 g of Cr(N03>3.9H 2 0 dissolved in 1.2 liters of pure water and 0.3 liter of 28 wt.% 
50 aqueous ammonia were added dropwise, with stirring, to a 10-liter vessel containing 600 ml of pure water 
over a period of about one hr while controlling the flow rates of the two aqueous solutions so as for the pH 
of the reaction mixture to be maintained in the range of from 7.5 to 8.5. The resultant hydroxide slurry was 
filtered, and the collected precipitate was thoroughly washed with pure water and dried at 110*C. The 
valency of Cr contained in the precipitate after drying was measured by polarography. As a result, it was 
55 found that at least 98% of Cr had a valency of 3. 

Further, the weight loss on ignition to 600 °C was 26%. Therefore, the chromium hydroxide can be 
represented by the chemical formula Cr 2 0 3 »3H 2 0. The solid matter thus obtained was pulverized and 
mixed with graphite, and the mixture was pelletized by means of a pelletizer. 60 ml of the pellet was packed 
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into a glass firing tube and fired in a * gas stream containing 3 vol.% water vapor at 400- C for 4 hr 
thereby preparing a precursor of a catalyst. ' 

arow^ T^T" * thiS / rec " rsor is shown in Fi 9- 1- From Fig. 1, it is apparent that crystalline Cr 2 0 3 is 
grown In the X-ray powder drffractometry, a CuKa, line was used as the X-ray source The peaks 
appearing* 2, = 26.5- and 54.7- are derived from graphite added at the time of molding ^ 

20 i£ I T Un0t J!r . Pa ° ked int ° a " ,nC ° nel reaCti0 " tube and sub j ected t0 Auorination first in a 
20 vol.% HF gas stream diluted with N 2 at 350 -C under atmospheric pressure, then in a 100% HF oas 
stream not d,luted with N 2 at 350- C under atmospheric pressure and final .y in a 100% HF gas stream 

,1.5 % 9/Cm2G ' ^ C ° mP0Siti0n ° f Pe,,et ^ *• wasS flws 

(Catalyst Preparation Example 2) 

60 ml of a dried pellet prepared in the same manner as in Example 1 for the preparation of a catalvst 
was packed .mo a glass firing tube and fired first in a N 2 gas stream at 350 -C for 2 hr and men a H foal 
stream at 400-C for 4 hr, thereby preparing a precursor of a catalyst. The XRD pater, of ^the precursor Ss 
revealed that crystalline Cr 2 0 3 was grown. precursor has 

Further, the precursor was fluorinated in the same manner as in Catalyst Preparation Example 1 The 
composition of the pellet after the treatment was as follows example i . The 

Cr: 60.0%, O: 20.6%, F: 16.7% 

(Comparative Catalyst Preparation Example 1) 

60 ml of a dried pellet prepared in the same manner as in Catalyst Preparation Example 1 was packed 
into a^glass firing tube and fired in a N 2 gas stream at 400-C for 4 hr. thereby preparing^ precurs^f a 

com^ndTpCnt. 01 " *°" B ^ * R ° m "» *"** " iS apparent «* - ^staHine 

Further, the precursor was fluorinated in the same manner as in Catalyst Preparation Example 1 The 
composition of the pellet after the treatment was as follows example i . Tne 

Cr: 57.8%, O: 17.3%, F: 22.2% 

rJlS p PParen t l tha I a,th °, 9h * he ,,uorination was under the same conditions as those used in 

Catalyst Preparation Example 1 , the O content is lower and the F content is higher. 

(Catalyst Preparation Example 3) 

420 g of Cr(NO,) 3 .9H 2 0 and 5 liters of pure water were placed in a 20-liter reaction vessel to prepare 
an aqueous Cr solution. 625 g of 10% aqueous ammonia was added dropwise to the aqueous Cr S 
with vigorous stirring for a period of 3 min. A precursor was prepared in the same manner as in CaS 
Preparation Example 1. except that the resultant hydroxide slurry was used. The XRD pattl of 
precursor has revealed that crystalline Cr 2 0 3 was grown. 

wml? T """IT P6ak Width ° f thiS precursor in a ran 9* of 29 = 32 to 35* was measured under the 
following conditions. F,g. 3 shows the results. The obtained half maximum peak width was 1.2* T^us va ue 
was obtained after correcting with a value of 0.12' which was derived from the spreading of the X rays due 

i?jsssrzrr measurin9 apparatus and which was ° wained fr ° m L reJs * ™— 

The specific surface area of the precursor was also measured to be 210 m 2 /g 
The conditions for measuring the half maximum peak with: 
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Measuring apparatus: 


Rigaku X ray diffraction apparatus RAD-B 


Output of X rays: 


50 kV- 180 mA 


Spreading slit: 


1.0' 


Scattering slit: 


0.5° 


Ray receiving slit: 


0.15 mm 


Scanning speed: 


1 Vmin 


Step: 


0.002° 


Measuring mode: 


e - 2e 



40 ml of the precursor was packed into an Inconel reaction tube and subjected to fluorination under 
atmospheric pressure first in a 20 vol.% HF gas stream diluted with N 2 at 360 *C and then in a 100% HF 
gas stream not diluted with N 2 at 360 *C. The composition of the pellet after the treatment was as follows. 

Cr: 62.3%, O: 24.4%, F: 10.3% 

75 

(Comparative Catalyst Preparation Example 2) 

60 ml of a dried pellet prepared in the same manner as in Catalyst Preparation Example 3 was packed 
into a glass firing tube and heated in a N 2 -diluted air stream (0 2 concentration of 2% by volume) under 
20 atmospheric pressure with the temperature being raised. When the temperature outside the tube reached 
around 370°C, the temperature inside the tube suddenly elevated up to about 450°C. After a few minutes, 
the temperature inside the tube became the temperature almost equal to that outside the tube. After the 
temperature reached 400°C, that temperature was kept for 4 hours. 

The half maximum peak width of the precursor was measured in the same matter as in Catalyst 
25 Preparation Example 3. 

The result is shown in Fig. 4. The half maximum peak width of the precursor was 0.7\ 

The specific surface area of the precursor was measured to be 36 m 2 /g. 

It is seen when compared the results in Catalyst Preparation Example 3, that the precursor fried in air 
had a wider half maximum peak width and larger specific surface area than the precursor fired in H 2 . 

30 

(Catalyst Preparation Example 4) 

40 ml of a precursor prepared in the same manner as in Catalyst Preparation Example 1 was packed 
into an Inconel reaction tube and subjected to fluorination under atmospheric pressure first in a flon-13 
35 (CF3CI) gas stream diluted with N 2 at 350 'C and then in a 100% flon-13 gas stream at 350 *C. The 
composition of the pellet after the treatment was as follows. 

Cr: 60.4%, O: 23.7%, F: 8.8%, CI: 3.1% 

(Catalyst Preparation Example 5) 

40 

A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1, 
except that the amount of Cr(N03>3-9H 2 0 was reduced from 480 g to 432 g and 36 g of Zn(N0 3 ) 2 *6H 2 0 
was additionally used. 

The precursor was fluorinated in the same manner as in Catalyst Preparation Example 1. 

45 

(Catalyst Preparation Example 6) 

A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1, 
except that the amount of Cr(N0 3 )3*9H 2 0 was reduced from 480 g to 432 g and 32 g of Cd(N0 3 )2-4H 2 0 
50 was additionally used. 

The precursor was fluorinated in the same manner as in Catalyst Preparation Example 1. 

(Catalyst Preparation Example 7) 

55 A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1, 
except that the amount of Cr(N03> 3 *9H 2 0 was reduced from 480 g to 432 g and 6 g of Cu(N0 3 ) 2 •3H 2 C> 
was additionally used. 

The precursor was fluorinated in the same manner as in Catalyst Preparation Example 1. 

9 
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(Example 8 for Preparation of Catalyst) 

A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1 
5 aSnSly usi am ° Unt ° f Cr(N ° 3)3 ' 9H2 ° W3S reduced ,rom 480 9 *> ™ 9 and 9 g of AgNO, was 
The precursor was fluorinated in the same manner as in Catalyst Preparation Example 1. 
(Example 9 for Preparation of Catalyst) 

A precursor of a catalyst was prepared in the same manner as in Catalyst Preparation Example 1 
adSnaTy usL am ° Unt * Cr(N ° 3)3 * 9H2 ° WaS reduced from 480 9 to 432 g and 9 g of Pb(N0 3 ) 2 wi' 
The precursor was fluorinated in the same manner as in Catalyst Preparation Example 1. 
15 (Fluorination Reaction Example 1) 

tMh* 30 ^' a 0f fl theCa * alyst prepared in Cata, y st Preparation Example 1 was packed into an Inconel reaction 
conditfons reaCt '° n ° f with HF was carried out under the following reaction 

20 ann^TT?®?*- ^ T * *" reaCti ° n b,own into a **> uprising two phases of an 

aqueous alkal, solution and toluene to remove HF remaining unreacted and the formed HCI, and compo- 
nents extracted into toluene were analyzed by gas chromatography. The results are given in Table 1 

Temperature: 21 0 • C, pressure: atmospheric pressure, 

molar ratio: 15, S.V.: 1000 h - ' 

25 

(Comparative Fluorination Reaction Example 1) 

A fluorination reaction of trichloroethylene was carried out in the same manner as in Fluorination 
Reaction Example 1. except that the catalyst prepared in Comparative Catalyst Preparation Example 1 was 
30 used. The results are also given in Table 1. example i was 

Table 1 



35 



40 



! Results of fluorination reaction of trichloroethylene 




Conversion of 
TCE (%) 


Selectivity to 133a (%) 


Selectivity to 134a (%) 


Reaction Example 1 
Comparative Reaction Example 1 


90.2 
66.3 


95.3 
70.9 


1.0 
0.3 



In the table Conversion of TCE, Selectivity to 133a and Selectivity to 134a are respectively the 
conversion of trichloroethylene. the selectivity to HCFC-133a and the selectivity to HFC-134a. 

45 (Fluorination Reaction Example 2) 

tu J 30 *?,! °1 T Cat !' ySt Pr6pared in Cata,ySt Pre P aration E^Pte 1 was packed into an Inconel reaction 
conditions. m " HCFC - 133a with HF was carried out ""der the following reaction 

so A gas emerging from an outlet of the reaction tube was blown into an alkali trap to remove HF 
ZT^ZTZTtZT* HC '- ^ C ° mP0Siti0n ^ a " alyZed * 9as P chromatograpny. 

Temperature: 320 ' C, pressure: 2 kg/cm 2 G, molar 

ratio: 8, S.V.: 1500 tr 1 

55 
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(Fluorination Reaction Example 3) 

A fluorination reaction of HCFC-133a was carried out in the same manner as in Fluorination Reaction 
Example 2, except that 30 ml of the catalyst prepared in Catalyst Preparation Example 2 was used. The 
5 results are also given in Table 2. 

(Comparative Fluorination Reaction Example 2) 

A fluorination reaction of HCFC-133a was carried out in the same manner as in Fluorination Reaction 
w Example 2, except that the catalyst prepared in Comparative Catalyst Preparation Example 1 was used. The 
results are also given in Table 2. In the table, Yield of 134a and Selectivity to 134a are respectively the 
yield of HCFC-134a and the selectivity to HCFC-134a. 

Table 2 

15 



Results of fluorination reaction of HCFC-133a 




Reaction temp. ( * C) 


Yield of 134a (%) 


Selectivity to 134a (%) 


Reaction Example 2 


320 


19.0 


99.4 


Reaction Example 3 


320 


19.1 


99.3 


Comparative Reaction Example 2 


320 


16.9 


99.2 



25 (Fluorination Reaction Example 4) 

A fluorination reaction of HCFC-133a was carried out in the same manner as in Fluorination Reaction 
Example 2, except that 30 ml of the catalyst prepared in Catalyst Preparation Example 3 was used and the 
reaction temperature was 325 ° C. The results are given in Table 3. 

30 

(Fluorination Reaction Example 5) 

A fluorination reaction of HCFC-133a was carried out in the same manner as in Fluorination Reaction 
Example 2, except that 30 ml of the catalyst prepared in Catalyst Preparation Example 4 was used and the 
35 reaction temperature was 325 ° C. The results are given in Table 3. 

(Fluorination Reaction Example 6) 

30 ml of the precursor of a catalyst prepared in Catalyst Preparation Example 1 was packed into an 
40 Inconel reaction tube, and a fluorination reaction of HCFC-133a with HF was initiated under the following 
reaction conditions, without practicing fluorination of the precursor with HF. The gas composition was 
analyzed in the same manner as in Fluorination Reaction Example 2. 
Temperature: 320 • C, pressure: atmospheric pressure, 
molar ratio: 8, S.V.: 1500 h~ 1 
45 Immediately after the initiation of the reaction, a AT of about 50 °C occurred in the catalyst bed, and 

after that, the generation of heat was gradually reduced. When 10 min has lapsed after the initiation of the 
reaction, substantially no HFC-134a was formed. However, when 3 hr has lapsed after the initiation of the 
reaction, HFC-134a was formed in a yield of 5%. 

so (Fluorination Reaction Examples 7 to 11) 

A fluorination reaction of HCFC-133a was carried out in the same manner as in Fluorination Reaction 
Example 2, except that 30 ml of the catalysts prepared in Catalyst Preparation Examples 5 to 9 were used 
and the reaction temperature was 315°C. The results are given in Table 3. 

55 
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Table 3 



w 



15 



20 



25 





Results of fluorination reaction of HCFC-133a 




Reaction Tern. (°C) or Catalyst 


Yield of 134a (%) 


Selectivity to 134a (%) 


Reaction Example 4 
Reaction Example 5 
Reaction Example 7 
Reaction Example 8 
Reaction Example 9 
Reaction Example 10 
Reaction Example 1 1 


325 
325 

Preparation Example 5 
Preparation Example 6 
Preparation Example 7 
Preparation Example 8 
Preparation Example 9 


19.8 
17.0 
17.8 
16.9 
14.5 
16.5 
15.8 


99.3 
99.0 
99.4 
99.4 
99.2 
99.2 
99.2 



sei^to SfeSS* 1343 ^ t0 1343 ^ reSPeCtive ' y the yield ° f HFC ' 134a - *• 

(Fluorination Reaction Example 12) 

tuhp 30 ^' a ° f fl the Ca I aiySt PrePar6d in Cata ' ySt Pre P Bnrtton E * am P le ' "as Packed into an Inconel reaction 
condition! ,ri rea <f" - dichloromethane with HF was carried out under the following reacfion 
conditions. A gas emerging from the outlet of the reaction tube is blown into a heated alkali trap to remove 
HF^emammg unreacted and the formed HCI. and the gas composition was analyzed by gaTclmTtog! 

Temperature: 200 'C, pressure: atmospheric pressure, 
molar ratio: 6, S.V.: 2000 rr 1 

HFisLToTHCFC^V 8% ai0ed ** *" ^ * maj ° r Pr0dUCtS 38 ,0 " OWS - 



30 (Fluorination Reaction Example 13) 

tuh/l^°V he Ca ! a ' ySt PrePar6< ! CatalySt Pre P aration E * am P la 1 "as packed into an Inconel reaction 
lonoit on a A flu0nnat,0n react ' on of Psrchloroethylene with HF was carried out under the following reSon 
conditions. A gas emerging from the outlet of the reaction tube was blown into a trap comprising Zo 
phases of an aqueous alkali solution and toluene to remove HF remaining unreacted and theTmTd HCI 
and components extracted into toluene were analyzed by gas chromatography 

Temperature: 340- C, pressure: atmospheric pressure, 
molar ratio: 5, S.V.: 1000 h -1 

H°FC° iIb-TbT MPPr e ^LT c a L ( l ed ^ Cted ' the VieldS ° f maj0r products were as fol '°ws. 
HFC-125. 5.6%, HCFC-124: 15.5%. HCFC-123: 38.2% 

m u J, He f ! UOrina ' io " catalyst PW* 1 bv 100 P^ess for producing a catalyst according to the present 
invention has a high activity and. in a fluorination reaction of a halogenated hydrocarbon with H F enaWes ^ 
desired product to be produced in a high yield. Further, it becomes possible to carry out the reacZ at a 
low temperature, which results in a prolonged catalyst life 



35 



40 



45 



Claims 



1. A process for producing a chromium-based fluorination catalyst, characterized by the step of firing a 
so ToTwTsTc. y ° f 3 Chr ° miUm (,H) hydr ° Xide ** pr6SenSe ° f hydro ^ — 

2 ' l P n°n CeSS r?^ 9 t0 C ' aim 1 ' Wh8rein Pri ° r t0 Said *«* of firin 9' said substa "ce is heat treated in an 
inert gas at a temperature of 1 00 to 600 • C. 

ss a A process according to claim 1 or 2. wherein said fired substance is then partially fluorinated. 

4. A process according to claim 3, wherein said partial fluorination is carried out in a gas flow containino 
hydrogen fluoride at a temperature of 300 to 500 ■ C. comainmg 
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5. A process according to any one of claims 1 to 4, wherein said substance further contains at least one 
element selected from the group consisting of cobalt, nickel, copper, silver, zinc, cadmium, mercury, 
aluminum, gallium, tin and lead. 

5 6. A chromium-based fluorination catalyst or catalyst precursor in which said catalyst or catalyst precursor 
is prepared in accordance with a process as in claim 1 , the X ray diffraction of said catalyst or catalyst 
precursor exhibits diffraction peaks having a half maximum peak width 1.2 times or more a half 
maximum peak width of a material obtained by firing an identical starting substance as that of said 
catalyst or catalyst precursor in the presence of oxygen in an amount of at least 1% by volume at 

10 400*C under atmospheric pressure for 2 hours or more. 

7. A chromium-based fluorination catalyst or catalyst precursor, in which the X-ray diffraction exhibits 
diffraction peaks characteristic to crystalline Cr 2 03, said diffraction peaks inducing a peak appearing at 
a spacing of lattice planes in a range of 2.65 to 2.69, said peak having a half maximum peak width of 

15 0.8 degree or more. 

8. A chromium-based fluorination catalyst or catalyst precursor, according to claim 6 or 7, wherein said 
catalyst or catalyst precursor contains at least one element selected from the group consisting of the 
elements in the groups 8 to 14 of the Long Periodic Table in an amount of 0.001 to 0.5 in the atomic 

20 ratio to Cr. 

9. A process for fluorinating a halogenated hydrocarbon, characterized by comprising the step of bringing 
a halogenated hydrocarbon having 1 to 4 carbon atoms into contact with hydrogen fluoride in a 
gaseous phase in the presense of a chromium -based fluorination catalyst prepared in accordance with 

25 a process as set forth in any one of claims 1 to 5. 

10. A process according to claim 9, wherein said catalyst is as set forth in any one of the claims 6 to 8. 

11. A process according to any one of claims 9 or 10, wherein said halogenated hydrocarbon is a 
30 hydrogen-containing halogenated hydrocarbon. 

12. A process according to any one of claims 9 or 10, wherein said halogenated hydrocarbon is selected 
from the group consisting of CH 2 CI 2 . CH 2 FCI, CHCl = CCI 2 , CF 3 CH 2 CI, CCI 2 =CCI 2 , CF 3 CHCI 2 and 
CF3CHFCI. 



35 
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13. A process according to claim 12, to produce any of CH 2 F 2 , CH 2 FCF 3 and CHF 2 CF 3 . 
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